Objective: Limited data are available regarding longitudinal changes in body weight. Here, we describe changes in the prevalences of overweight and obesity and calculated the incidence of these indices during a 10-year follow-up period for a large-scale cohort study in Japan. Design: Longitudinal analysis of data from a population-based cohort study, the Japan Public Health Center (JPHC) Study. Participants: A total of 65 095 Japanese men and women, who were between the ages of 40 and 69 years at baseline and participated in the 5th-and 10th-year follow-up surveys of the JPHC, were enroled in the study. Measurements: Mean body mass index (BMI), calculated using self-reported height and weight, and the prevalences of overweight (BMI X25 kg/m 2 ) and obesity (BMI X30 kg/m 2 ) at each survey period. Incidences of overweight and obesity during the 10-year period. Results: On an average, individuals living in Okinawa had much higher BMIs than those living on the Main islands for all sex and age groups. During the follow-up period, the prevalences of overweight and obesity steadily increased in the cohorts aged less than 50 years at baseline in both sexes. Men in younger cohorts had a higher mean BMI than those in the same age group of older cohorts, whereas the opposite trend was observed in women. The incidence of overweight individuals was greater in Okinawa than on the Main islands and among younger generations than among older ones. Conclusion: A longitudinal analysis at the individual level showed that the prevalences of overweight and obesity increased among middle-aged Japanese participants during the follow-up period. Among men, an increasing prevalence of obesity was observed among the younger generations. These findings should be taken into consideration when planning preventive strategies for obesity and its related diseases.
Introduction
Obesity is a growing health problem globally, and the World Health Organization (WHO) has emphasized the importance of monitoring the prevalence and secular trends in overweight and obesity. 1 In Japan, the prevalence of obesity has been consistently increasing in men, whereas it has been stable over the last 10 years in women, according to the annual reports of the National Nutrition Survey, Japan (NNS-J); currently, the prevalence of overweight is 30.9% in men and 22.7% in women aged 20 years or older. 2 As persons with overweight and obesity are at an increased risk of type 2 diabetes, hypertension and dyslipidemia, [3] [4] [5] there is an urgent need to establish strategies to prevent overweight and obesity. In Japan, the Ministry of Health and Welfare has initiated a project of Healthy Japan 21 to encourage changes in lifestyle, 6 and weight reduction is one of the major challenges of this project. However, as the situation has not been improving, the Ministry is now preparing an intensive lifestyle intervention at the time of annual health checkups. To establish a cost-effective preventive strategy against obesity-associated disorders, a description of the current trends and natural history of overweight and obesity would be useful to identify target populations with a greater risk of weight gain. However, to the best of our knowledge, no large-scale population-based data analyses describing longitudinal changes in body weight among the same individuals in Japan have been conducted. The aim of this study was to describe prospectively the changes in body mass index (BMI) and the incidences of overweight and obesity in Japanese adults during a 10-year follow-up period, analyzed according to area, sex and age, using data from a large-scale population-based cohort study in Japan.
Methods
The JPHC study The data used in this study were derived from the Japan Public Health Center (JPHC) Study, a large-scale populationbased cohort study of residents in 29 administrative areas covered by a total of 11 public health centers (PHC) throughout Japan, from Okinawa to Ninohe. The JPHC Study cohort is composed of two cohorts (Cohort I: target age, 40-59 years; baseline survey, 1990; Cohort II: target age, 40-69 years; baseline survey, mainly 1993). The detailed design of the JPHC Study has been reported elsewhere. 7 This study was approved by the human ethics review committees of the National Cancer Center.
Survey
A self-administered questionnaire was distributed to all the residents in the study areas. Overall, a total of 113 403 residents (80.9%) returned the baseline questionnaire. Items included in the baseline questionnaire were sociodemographic factors, medical history, health-related lifestyles, as well as body height and body weight. Follow-up questionnaires were delivered to update the information at 5 and 10 years after the baseline study. Tokyo-Katsushika PHC (7077 participants) and OsakaSuita area (10 953 participants) were excluded from the analysis because participants surveyed in these areas were only those aged 40 or 50 years or selected from participants of health check-up program. Further, we excluded 1077 participants with missing information regarding height or weight at baseline, 25 606 participants who did not respond to either the 5th-or 10th-year follow-up surveys and 3595 participants with self-reported serious illness (cancer, cerebrovascular disease, myocardial infarction or chronic liver disease) at baseline or with a BMI o14 or BMI 440 at any of the three surveys. After these exclusions, 65 095 participants (29 338 men and 35 757 women) were included in the final analysis.
The self-reported BMI in the JPHC study has been validated. 8 The ). Because our baseline data clearly showed a higher mean BMI in Okinawa than in the Main islands and a significant difference in BMI across sex and age groups, we presented the data according to region (Main islands/Okinawa), sex and 5-year age categories.
The random effects regression model was used to examine the effect of age on BMI change during the follow-up period for each region, sex and age group, with age as the random variable. The linear regression analysis was performed to assess cohort effect on BMI for each age category in each region and sex group. Changes in the prevalences of overweight and obesity in each birth cohort were assessed by the Cochran-Mantel-Haenszel test for trend stratified by individuals, using SAS (Version 9; SAS Institute, Cary, NC, USA). As we observed the BMI only at three time points for the same individuals, the incidence of overweight was defined as a transition from a normal weight at baseline to overweight at the time of the 10th-year follow-up survey. Similarly, the incidence of obesity was defined as a change from non-obesity at baseline to obesity at the time of the 10th-year follow-up survey. To assess the potential influence of residential area and age on the incidences of overweight or obesity among each sex, a logistic regression analysis with adjustment of BMI at the baseline was used to estimate the odds ratios (95% confidence intervals) for the 10-year incidences of overweight and obesity for each study region and age category, using participants aged 55-59 years and living on the Main islands as the reference group. All analyses were performed using SPSS (Version 15.0, SPSS Inc, Chicago, USA) unless otherwise stated. Table 1 shows the baseline characteristics for each PHC area. Participants in Okinawa were on average shorter but had a similar mean weight when compared with those from the Main islands. The mean BMI was much higher in Okinawa than on the Main islands for both men and women. In Okinawa, the mean BMI values ranged between 24.2 and 24.8 kg/m 2 , nearly equal to the WHO-defined cutoff for overweight, which is 25 kg/m 2 . The difference in the mean BMI values for Okinawa and the Main islands appeared to be greater among men than among women. Figure 1 shows the mean BMI values of the participants according to sex, region (Main islands/Okinawa) and 5-year age groups at baseline and at the 5th-and 10th-year followOverweight and obesity trends in Japan Y Matsushita et al ups. Mean BMI was much higher in Okinawa than on the Main islands in all sex and age groups. Average BMI tended to increase during the follow-up period for men and women aged 40-49 years at baseline, whereas it showed decreasing trend for older participants. This pattern of BMI change with aging was similar in both regions. With regard to cohort effect, men in younger cohorts had a higher mean BMI than men in the same age group of older cohorts, and the gap in mean BMI between the neighboring cohorts appears to be greater for men in Okinawa than those on the Main islands. In contrast, women in younger cohorts tended to have lower BMI than women in older cohorts. Table 2 shows the 10-year changes in the prevalences of overweight and obesity according to sex, area and age. Among men aged 40-54 years and living on the Main islands, one in four were overweight at baseline; in Okinawa, nearly half the men aged 40-54 years were overweight at baseline. Among women, the highest prevalence was observed in the 55-59 year age group in both regions, although the proportion of overweight women in Okinawa was approximately 10% higher than that of women living on the Main islands across all the age groups. During the 10-year follow-up period, the prevalence of overweight or obesity increased in the cohorts of men and women who were in their 40s at baseline, especially those between the ages of 40-44 years. In contrast, a decreasing trend in the prevalence of overweight individuals was observed among the generations that were in their 60s at baseline.
Results
Next, we compared the prevalence of overweight and obesity in the same age category among different age cohorts for the three surveys. For example, the prevalences of overweight among men aged 50-54 years and living on the Main islands were 26.0, 26.3 and 29.4% at the time of the baseline, 5th-year and 10th-year follow-up surveys, respectively. This comparison shows that the prevalences of overweight and obesity increased both among men on the Main islands and in Okinawa. However, the prevalences of overweight among women living on the Main islands decreased, whereas this decreasing trend was restricted to women between the ages of 50-54 years in Okinawa. Table 3 shows the 10-year incidence of overweight and obesity according to sex, age and area, together with the odds ratios for the incidences for each study region and age category, using participants aged 55-59 years and living on the Main islands as a reference group. In general, higher incidences and greater odds ratios were consistently observed among younger generations of both men and women, irrespective of the study region, although there was a large difference in the absolute value. Among men aged 40-49 years who had a BMI o25 kg/m 2 at baseline, nearly 10% of those living on the Main islands became overweight during the 10-year period, whereas nearly 20% living in Okinawa became overweight. A similar regional difference was also observed among women.
Discussion
This is the first report describing the changes in the prevalences and incidences of overweight and obesity in a large adult population in Japan utilizing the data sets from the JPHC Study. Our data for the Main island areas were comparable with the NNS-J data 9 in terms of the prevalence of overweight. The prevalences of overweight and obesity among the younger generations increased continuously during the follow-up period, whereas it decreased among the older generations. These changes seemed to parallel the changes in the BMI levels of each generation. The incidence of overweight and obesity in the 10th-year survey was greater among the younger generations than among the older ones and among individuals living in Okinawa than among individuals living on the Main islands. The prevalence of obesity is much lower in Asia (2.2-6.8%) than in the United States (30.0%). 10 Although cross-national comparisons are subject to inherent limitations, the prevalence Overweight and obesity trends in Japan Y Matsushita et al of obesity on the Main islands appears to fall near the middle of the range for Asian countries, whereas the prevalences of overweight and obesity in Okinawa appear to be higher than those in other Asian countries. The prevalence of obesity has been increasing among both men and women in many countries, including the United States, 11, 12 Canada, 13,14 the United Kingdom, 15 most countries in the European Union 16 and Finland. 17 However, our data ( Figure 1) showed that the prevalences of overweight and obesity have increased among men aged 50-69 years but tended to decrease among women in this age group. This discrepant trend in obesity among Japanese women may be a unique feature that has not been reported in western populations. The variation in the changes of obesity index with aging across sex and age groups could be ascribed to lifestyle, social and biological factors. Diet, physical activity, smoking and drinking are known to be associated with BMI or weight change, [18] [19] [20] and these factors differ notably across sex and age groups. 9 For women, a large weight increase after menopause could be because of the change in hormone levels. 21 Factors that control eating behaviors may also have contributed to the difference. For instance, in a national survey in Japan, 22 younger non-obese women were more likely to regard themselves as overweight than older nonobese women, suggesting a differential body image across generations. Further study is needed to clarify the factors that have contributed to the different patterns of obesity trends in Japan. The incidences of overweight and obesity have been reported for non-Asian populations. In the Framingham Study, the incidence of overweight, defined as a BMI equal to or greater than 25 kg/m 2 but less than 30 kg/m 2 , increased twofold, whereas that of obesity increased more than threefold over the five decades from 1950 to 2000. 23 In two rural areas in northern Sweden and the United States, the 10-year incidence of obesity during the 1990s was 12 and 17.3%, respectively. 24 In the US First National Health and Nutrition Examination Survey Epidemiologic Follow-up Study, the 10-year incidence of obesity among women aged 30-55 years, where obesity was defined as a BMI equal to or greater than 29 kg/m 2 , was 15.5% in blacks and 9.7% in whites. 25 In the present Japanese population, the incidence of obesity was much lower than those in the western studies.
Another noticeable finding of this study was the much higher prevalences and incidences of overweight and obesity in Okinawa. Some data exist that could explain the epidemic of obesity in Okinawa. A study identified a unique dietary pattern in Okinawa, with so-called 'westernized foods'Fincluding bread, beef and coffeeFconsumed more frequently in this region. 26 Moreover, the proportion of energy intake from fat was estimated to be about 30% in Okinawa, which is among the highest levels in Japan, 27 whereas the mean daily number of steps walked in Okinawa was among the lowest in the country. 27 A high-energy, high-fat dietary pattern, in combination with low physical activity levels, might have contributed to the current high prevalence of obesity in Okinawa.
The prefectural ranking of life expectancy for Okinawan men has been falling during the last 20 years, whereas that for Okinawan women remains the first. 28, 29 According to a report on this issue, 30 mortality rate has increased from 1980's to 1990's in Okinawan men aged 40-49 years, whose major causes of death included cardiovascular disease, cerebrovascular disease, liver disease and diabetes mellitus; in contrast, there was no measurable change in mortality for their counterparts in the Main islands. In women, no such Main islands, Red lines: Okinawa). Age effect on BMI for each birth cohort was tested by using a random effects model (* denotes Po0.05). Cohort effect on BMI for each age category was tested by using the linear regression analysis ( w denotes Po0.05). Standard deviation of BMI ranged between 2.6 and 3.3 for men and 2.9 and 3.7 for women.
Overweight and obesity trends in Japan Y Matsushita et al discrepancy in mortality trend by region was observed. As shown in Figure 1 , there was an increasing gap of BMI levels between Okinawa and Main islands toward younger generation in men, but not in women. Therefore, we speculate that one of the major reasons for the falling in the ranking of life expectancy in Okinawan men could be an increase of obesity-related diseases among new generations. Although the incidence of overweight was much higher in Okinawa, changes in the mean BMI levels during the followup period did not materially differ between the Main islands and Okinawa. A plausible explanation for this discrepancy is that as the participants in Okinawa had a higher mean BMI at baseline, their BMI levels would be distributed more closely to the cutoff value of overweight among those with a normal BMI than among the participants from the Main islands, so even a slight increase in weight would lead to a greater increase in the incidence of overweight in Okinawa. It would be of interest to track BMI from childhood through to middle age to identify the causes of the higher prevalences of overweight and obesity in Okinawa.
Our study has some limitations. First, the BMI levels at baseline or the subsequent changes in BMI may have differed between those who responded to all of the follow-up surveys and those who did not. We confirmed that the mean baseline BMI did not differ between the two groups in both men and women. However, we cannot deny the possibility that healthier people may have tended to participate in the follow-up surveys, which would have led to an underestimation of the incidence of overweight or obesity. Second, the use of self-reported heights and weights is a source of concern. However, the validity assessed against measured values was reasonably high, 8 and self-reported anthropometric data have been used in large-scale studies on this issue. 31 Lastly, the participants of this study were not randomly chosen from among the entire Japanese population. However, as our prevalence data for the Main islands were similar to those from NNS-J, the present results for the Main islands may be generalized to represent the Japanese population.
In conclusion, this study revealed that a sizable proportion of people under 50 years of age shifted from normal weight to overweight during a 10-year period starting in the early 1990s in Japan. Considering the higher baseline BMI in men for that age group, population approaches for weight control Overweight and obesity trends in Japan Y Matsushita et al should be mainly targeted at men in their 40s or younger. Further studies must be performed to elucidate the factors that promote and prevent weight gain in this age group. Overweight and obesity trends in Japan Y Matsushita et al
